effective in some cases, 4 selective activation of precursors of electrophiles in the presence of nucleophilic aromatics is still a problem.
We have developed the cation pool method that involves electrochemical oxidative generation 5 and accumulation of organic cations 6, 7 which react with various nucleophiles very quickly. [8] [9] [10] [11] For example, diarylcarbenium ion pools 12-20 reacted with 1-(trimethylsilyl)-1,1-diphenylmethane and synthesis of dendrimers 21, 22 and dendronized polymers 23 has been easily accomplished by repeating this reaction. This finding prompted us to examine multiple alkylation of oligothiophenes, [24] [25] [26] which serve as electronically interesting structures, with simple and extended diarylcarbenium ions.
Moreover, oligothiophenes with dendritic substituents have already been reported to show unique redox behavior because of their huge dendritic substituents. 27, 28 Herein we report the results of this study.
At first, multiple alkylation of thiophene with diarylcarbenium ions was examined (Table 1) . Diarylcarbenium ion 2 was prepared by the low-temperature electrochemical oxidation of di(p-fluorophenyl)methane (1). 29 The subsequent reaction of 2 with thiophene in the same pot afforded tri-, di-, and mono-substituted products 3a-c as a mixture. A significant amount of 2,5-di-alkylated thiophene 3b was obtained by the action of 0.2 equiv. of diarylcarbenium ion 2 (entry 1). Although the ratio of tri-alkylated thiophene 3a increased with an increase in the amount of diarylcarbenium ion 2 (entries 2-4), the tetra-alkylated product of thiophene was not detected under conditions as shown in Table 1 . Next, we examined the reaction of diarylcarbenium ion 2 (5.0 equiv) with 2,2'-bithiophene. Mono-and multiple alkylation products were obtained as a mixture (Figure 1 ). NMR and MS analyses indicated that the major product was tetrakis(diarylmethyl) substituted bithiophene 4a. The X-ray single crystal structure analysis of 4a revealed that di(p-fluorophenyl)methyl groups were introduced at 3-, 3'-, 5-, and 5'-positions (Figure 1) . 30 Because of the steric hindrance of four bulky substituents, two thiophene rings of 4a are not in the same plane. The multiple alkylation of terthiophene is interesting (Figure 3 ). 24 The reaction of diarylcarbenium ion 2 (5.0 equiv) with commercially available 2,2':5',2"-terthiophene afforded tetra-, tri-, and di-alkylated products 7a-c as a mixture together with the mono-alkylated product and unchanged terthiophene. The yield of tetra-alkylated product 7a was the lowest among them (6%). This sharply contrasts to the fact that tetra-alkylated products were obtained as major products in cases of 2,2'-and 3,3'-bithiophenes. Lower nucleophilicity of terthiophene due to a larger -conjugation seems to be responsible. On the other hand, these results also suggest higher nucleophilicity of 5 and 5" positions than other positions of 2,2':5',2"-terthiophene. Finally, we performed the regioselective dialkylation of bithiophene and terthiophene by using extended diarylcarbenium ion pools in order to demonstrate a potential of the present method for construction of dendritic molecules (Scheme 2). 27 In summary, we have developed an efficient method for multiple alkylation of thiophene derivatives using electrochemically generated diarylcarbenium ion pools. The combination of the extended diarylcarbenium ions with bithiophene and terthiophene paved the way for rapid construction of molecules consisting of conjugated thiophenes and dendritic structures. The scope and limitations of the present method and its applications to synthesis of molecules having interesting functions are under investigation in our laboratory.
